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INTRODUCTION 
The m e c h a n i s m o f a r e a c t i o n , t h a t i s t h e m a n n e r i n 
w h i c h t h e m o l e c u l e s i n t e r a c t , may be s t u d i e d b y o b s e r v i n g 
t h e r a t e o f r e a c t i o n a n d how t h i s r e a c t i o n r a t e c h a n g e s as 
t h e r e a c t i o n p r o c e e d s . G u l d b e r g and Waage , when t h e y f o r m ­
u l a t e d t h e lav / o f mass a c t i o n i n 1 8 6 7 , v /ere a b l e t o e x p l a i n 
t h e r a t e o f r e a c t i o n as a f u n c t i o n o f c o n c e n t r a t i o n . V a n ' t 
H o f f , g e n e r a l l y c r e d i t e d w i t h t h e l a w o f mass a c t i o n , was 
t h e f i r s t t o b r i n g t h e s u b j e c t u n d e r c o m p r e h e n s i v e t r e a t ­
m e n t . T h i s l a w s t a t e s t h a t t h e r a t e w i t h w h i c h a g i v e n 
r e a c t i o n t a k e s p l a c e i s p r o p o r t i o n a l t o t h e c o n c e n t r a t i o n s 
o f t h e r e a c t i n g s u b s t a n c e s i f t h e t e m p e r a t u r e and p r e s s u r e 
r e m a i n c o n s t a n t . 
I f , f o r e x a m p l e , a s i n g l e compound A r e a c t s t o f o r m 
t w o new s u b s t a n c e s , 3 a n d C_, 
A - — f B * C, 
t h e v e l o c i t y w i t h w h i c h A d e c o m p o s e s w i l l d e p e n d u p o n t h e 
i n s t a n t a n e o u s c o n c e n t r a t i o n o f A, and t h e r e a c t i o n i s 
c a l l e d u n i m o l e c u . l a r . S i n c e A i s consumed a s t i m e p r o g r e s s e s , 
t h e r a t e g r a d u a l l y d e c r e a s e s . I f x r e p r e s e n t s t h e a m o u n t o f 
A w h i c h d e c o m p o s e s i n t i m e t and s_ i s t h e i n i t i a l c o n c e n ­
t r a t i o n o f A , t h e n t h e a m o u n t p r e s e n t a t t i m e t w i l l be 
a - x ; a n d t h e r a t e o f d e c o m p o s i t i o n o f A w i l l be p r o p o r t i o n ­
a l t o a - x . E x p r e s s i n g t h i s m a t h e m a t i c a l l y , 
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where k i s a cons tan t , known as the v e l o c i t y constant of the 
r e a c t i o n , k may be c a l c u l a t e d from the i n t e g r a t i o n of the 
above equat ion , which becomes, 
k * 2 .5026 ] _ o g 
a - xP 
A g i ven r e a c t i o n may be bi i r .olecular i f 
A * B —* C * D ; 
and the ra te of decomposit ion i s p ropo r t i ona l to the con­
cen t ra t i on of both A and of B or 
g|
 m k (a - x ) ( b - x ) , 
where a_ and b represent the i n i t i a l concent ra t ions of A and 
B . T Tpon I n t e g r a t i o n t h i s becomes 
t (a - D ; (b - X ) ( s ) . 
Fos t I n o r g a n i c r e a c t i o n s proceed at a very rap id r a t e , almost 
I ns tan taneous l y ; and, t he re fo re , the ra te may not convenient ­
l y be s t u d i e d . Organic r e a c t i o n s , on the other hand, are 
slower and lend themselves very we l l to a study of t h e i r 
v e l o c i t i e s . I n 1885, Re icher (1) s tud ied the v e l o c i t y of 
s a p o n i f i c a t i o n of e t h y l acetate by sodium hydrox ide , 
CH 3 C00C2H 6 * lTa0K^CH 3 C00Ka * CgH50H , 
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and found the reaction to be bimolecular. He also observed 
the effect of different bases on the rate of saponification. 
Warder (2) In 1881 and Arrhenius (3) in 1887 also studied 
the saponification rate of .02 molar ethyl acetate in .02 
molar alkali and found the reaction to be bimolecular. The 
saponification of methyl acetate in a sodium hydroxide 
solution was examined by Gooch and Terry (4) In 1929. They 
obtained very accurate results by using refined methods 
Including an ingenious method of pipetting. They calcxilated 
the velocity constant of the reaction and found it to be 
bimolecular. 
In 1883, Ostwald (5) first studied the velocity of the 
hydrolysis of methyl acetate in a water solution by titrating, 
with sodium hydroxide, the acetic acid formed, 
C H 3 C 0 0 C H 3 * H 20^T0H 3C0OH • 0 H 5 O H . 
This reaction, it can be seen, should be bimolecular. How­
ever, since the methyl acetate was dissolved In a large amount 
of water, the concentration of water changed only infinitesi-
mnlly and could be considered constant. Thus in the equation 
for the bimolecular reaction, 
c k (a - x)(b - x ) , 
dt 
(b - x) was constant and the equation then became 
a k' (a - x ) , 
a t 
which is the monomolecular form. Ostwald (loc.cit.) Ignored 
t h e r e v e r s e r e a c t i o n w h i c h w a s s m a l l d u r i n g t h e p e r i o d i n 
•FV.OH h e m a d e h i s m e a s u r e m e n t s . I n 192?,, I - T n r n e d a n d F f a n s t l e l 
( 6 ) c a l c u l a t e d t h e v e l o c i t y c o n s t a n t f o r t h e h y d r o l y s i s o f 
m e t h y l a c e t a t e i n a q u e o u s s o l u t i o n i n w h i c h t h e y I g n o r e d 
n e i t h e r t h e r e v e r s e r e a c t i o n n o r t h e s l i g h t c h a n g e i n t h e 
c o n c e n t r a t i o n o f w a t e r d u r i n g t h e r e a c t i o n . E a r n e d a n d 
S a m a r a s ( 7 ) , i n 1 9 5 2 , t h e n s t u d i e d t h e h y d r o l y s i s o f e t h y l 
o r t h o - f o r m a t e u s i n g v a r y i n g a m o u n t s o f o r g a n i c r y L y o n t s ( I n 
n o i n s t a n c e d i d t h e c o n c e n t r a t i o n o f o r g a n i c s o l v e n t e x c e e d 
5.32 m o l s p e r 1 0 0 0 g r a m s o f s o l u t i o n ) . T h e y f o u n d t h a t t h e 
v e l o c i t y c o n s t a n t s c a l c u l a t e d f r o m t h e r a o n o m o l e c u l a r f o r m u l a 
w e r e t h o s a m e a s t h o s e c a l c u l a t e d f r o m t h e b l m o l e c u l a r f o r m u l a 
T o r . n . x i l r a n d H i n s h e l w o o d ( 8 ) i n 1 9 3 8 a l s o s t t i c l i e d t h e h y d r o l y s i 
o f v a r i o u s e s t e r s w h e n a c e t o n e w a s a d d e d t o t h e r e a c t i o n a s a 
s o l v e n t . T h e y u s e d 4 0 0 c c o f a c e t o n e p e r l i t e r o f s o l u t i o n 
a n d f o u n d t h e v e l o c i t y c o n s t a n t s f o r t h e h y d r o l y s i s o f b e n z y l 
a c e t a t e , p h e n y l a c e t a t e , a n d e t h y l a n d m e t h y l b e n z o a t e s , n i t r o 
b e n z o a t e s a n d p a r a - a m i n o b e n z o a t e s a n d f o u n d t h e r e a c t i o n s t o 
b e b l m o l e c u l a r . P o e t h k e ( 9 ) i n 1 9 3 5 w a s a b l e t o d e t e c t a 
s l i g h t h y d r o l y s i s o f e t h y l a c e t a t e i n a q u e o u s s o l u t i o n u s i n g 
n o c a t a l y s t ; b u t , w h e n e t h y l a c e t a t e w a s m a d e 0 . 5 n o r m a l i n 
w a t e r , n o h y d r o l y s i s w a s d e t e c t e d a f t e r 3 4 d a y s . 
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P R E P A R A T I O N O P M A T E R I A L S 
S u l f u r i c A c i d : C o n c e n t r a t e d C P . s u l f u r i c a c i d w a s 
d i l u t e d w i t h r e c e n t l y b o i l e d d i s t i l l e d w a t e r t o a p p r o x i ­
m a t e l y 1 0 n o r m a l . T h i s a c i d w a s s t a n d a r d i z e d b y w e i g h i n g a 
p o r t i o n f r o m a w e i g h t b u r e t t e a n d t i t r a t i n g I t w i t h s t a n d a r d ­
i z e d s o d i u m h y d r o x i d e s o l u t i o n , u s i n g m e t h y l r e d a s i n d i c a t o r . 
A l s o t h e w e i g h t o f o n e c c o f s u l f u r i c a c i d w a s d e t e r m i n e d b y 
w e i g h i n g , i n a w e i g h t b u r e t t e , a k n o w n n u m b e r o f c c . P r o m 
t h e s e d a t a , t h e w e i g h t o f ' h y d r o g e n s u l f a t e , a n d t h e w e i g h t o f 
w a t e r p e r 5 c c o f t h e a c i d w e r e f o u n d . T h e n o r m a l i t y , a l s o , 
w a s d e t e r m i n e d f r o m t h e s e d a t a . T h e a c i d w a s 9 . 4 2 1 n o r m a l 
a n d c o n t a i n e d 2 . 3 0 9 9 g r a m s o f h y d r o g e n s u l f a t e a n d 4 . 0 1 3 5 
g r a m s o f w a t e r p e r 5 c c o f a c i d s o l u t i o n . 
S o d i u m H y d r o x i d e : T h e s o d i u m h y d r o x i d e s o l u t i o n u s e d t o 
P U R P O S E 
I t w a s t h e p u r p o s e o f o u r i n v e s t i g a t i o n s t o f i n d t h e 
v e l o c i t y c o n s t a n t o f t h e h y d r o l y s i s o f m e t h y l a c e t a t e when 
t h e c o n c e n t r a t i o n o f w a t e r w a s r e d u c e d u n t i l i t c h a n g e d 
m a t e r i a l l y d u r i n g t h e c o u r s e o f t h e r e a c t i o n . T h i s w a s 
a c c o m p l i s h e d b y u s i n g a c e t o n e a s a s o l v e n t i n s t e a d o f w a t e r . 
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s t a n d a r d i z e t h e s u l f u r i c a c i d w a s m a d e b y d i s s o l v i n g C P . 
s o d i u m h y d r o x i d e i n r e c e n t l y b o i l e d d i s t i l l e d w a t e r a n d 
s t a n d a r d i z i n g w i t h p o t a s s i u m a c i d p h t h a l a t e f r o m t h e U . S . 
B u r e a u o f S t a n d a r d s , u s i n g p h e n o l p h t h a l e i n a s i n d i c a t o r . 
T h e s o d i u m h y d r o x i d e u s e d t o s t a n d a r d i z e t h e s u l f u r i c a c i d 
w a s 0 . 1 7 2 8 n o r m a l . 
T h e s o d i u m h y d r o x i d e u s e d i n t i t r a t i n g t h e a c e t i c a c i d 
f o r m e d i n t h e r e a c t i o n w a s m a d e a p p r o x i m a t e l y . 0 5 n o r m a l a n d 
s t a n d a r d i z e d e v e r y d a y I n t h e s a m e m a n n e r a s m e n t i o n e d . 
W a t e r ; A l l w a t e r u s e d w a s r e c e n t l y b o i l e d d i s t i l l e d 
w a t e r . 
A c e t o n e ; T h e a c e t o n e w a s p r e p a r e d f r o m a c o m m e r c i a l 
g r a d e o f a c e t o n e b y r e f l e x i n g i t f o r t w o h o u r s o v e r m a g n e s i u m 
a n d t h e n d i s t i l l i n g i t . T h e f r a c t i o n u s e d h a d a p o l l i n g p o i n t 
r a n g e o f 5 5 , 3 5 ° - 5 5 . 4 0 ° a t a p r e s s u r e o f 7 4 3 m m . o f m e r c u r y . 
P r o m t h e I n t e r n a t i o n a l C r i t i c a l T a b l e s , a c e t o n e h a s a b o i l i n g 
p o i n t o f 5 6 . 1 0 ° C a t 7 6 0 m m . p r e s s u r e . U s i n g t h e C l a p e y r o n 
e q u a t i o n , 
w h e r e A H i s t h e h e a t o f v a p o r i z a t i o n , p_ i s t h e p r e s s u r e , 
T i s t h e t e m p e r a t u r e o f t h e b o i l i n g p o i n t o n t h e K e l v i n s c a l e , 
a n d R i s t h e g a s c o n s t a n t i n t h e s a m e u n i t s a s A H . P r o m t h e 
I n t e r n a t i o n a l C r i t i c a l T a M e s , 
A H a 5 2 1 j o u l e s p e r g m - 7 2 3 2 c a l / mol f o r a c e t o n e . 
B y s u b s t i t u t i o n , 
- ( 1 7 ) ( 1 . 9 8 6 5 ) ( 5 2 9 . 2 ) 
( 7 6 0 ) ( 7 2 3 2 ) " 
2 
» 0 . 6 7 . 
T h e r e f o r e t h e c o r r e c t b o i l i n g p o i n t a t 743 mm p r e s s u r e I s 
5 6 . 1 0 - . 6 7 • 5 £ . 4 3 ° C . 
The o b s e r v e d r a n g e was 5 5 . 3 5 - 5 5 . 4 0 . 
w i t h a b o i l i n g p o i n t r a n g e o f 5 5 . 8 0 - 5 6 . 4 0 ° C a t 7 4 3 mm o f 
p r e s s u r e . P r o m t h e I n t e r n a t i o n a l C r i t i c a l T a b l e s , t h e b o i l i n g 
p o i n t a t 7 6 0 mm o f p r e s s t i r e i s 5 7 . 1 ° C . The h e a t o f v a p o r i z ­
a t i o n a t 5 7 . 1 ° f r o m t h e I n t e r n a t i o n a l C r i t i c a l T a b l e s i s 4 1 0 . 6 
j o u l e s / gm o r 7 2 8 7 c a l / m o l . U s i n g t h e O l a p e y r o n e q u a t i o n 
a g a i n , 
M e t h y l A c e t a t e ; The m e t h y l a c e t a t e u s e d was C P g r a d e 
( 1 7 ) ( 1 . 9 8 8 5 ) ( 5 5 0 . 2 ) 
( 7 6 0 ) 7287 
2 
- 0 . 6 7 . 
T h e r e f o r e t h e b o i l i n g p o i n t a t 743 mm p r e s s u r e i s 
5 7 . 1 - . 7 = 5 6 . 4 ° C . 
The o b s e r v e d r a n g e was 5 5 . 8 0 - 5 6 . 4 0 ° C 
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PROCEDURE 
The p r o c e d u r e was t o w e i g h a q u a n t i t y o f m e t h y l a c e t a t e 
I n t o a g l a s s s t o p p e r e d 1 0 0 cc v o l u m e t r i c f l a s k , a d d 5 cc o f 
9 . 4 2 1 n o r m a l HgSO^ a n d d i l u t e t o 1 0 0 cc w i t h a n h y d r o u s a c e t o n e . 
A 5 cc p o r t i o n was p i p e t t e d f r o m t h e s a m p l e , i m m e d i a t e l y 
a f t e r m i x i n g a n d a t d e f i n i t e t i m e i n t e r v a l s t h e r e a f t e r , i n t o 
a b e a k e r c o n t a i n i n g 50 cc o f r e c e n t l y d i s t i l l e d w a t e r a n d a 
m e a s u r e d q u a n t i t y o f s t a n d a r d i z e d s o d i u m h y d r o x i d e — a l m o s t 
e n o u g h t o n e u t r a l i z e t h e a c i d i n t h e s a m p l e . T h i s was t h e n 
t i t r a t e d t o t h e e n d p o i n t o f p h e n o l p h t h a l e i n w i t h t h e s t a n ­
d a r d i z e d s o d i u m h y d r o x i d e . Care h a d t o be t a k e n t o o b t a i n 
t h e c o r r e c t e n d p o i n t b e c a u s e o f t h e r e a p p e a r a n c e o f t h e 
c o l o r o f p h e n o l p h t h a l e i n I n t h e s a m p l e on s t a n d i n g f o r a 
s h o r t t i m e . T h e 1 0 0 cc v o l u m e t r i c f l a s k c o n t a i n i n g t h e 
s a m p l e was i m m e r s e d I n a c o n s t a n t t e m p e r a t u r e b a t h a t 
2 5 ° • 0 1 ° C . d u r i n g t h e e n t i r e r u n . 
T o i n s u r e t h a t e x a c t l y 5 cc o f a c i d w e r e a d d e d t o ee ch 
s a m p l e , 100 cc o f t h e s u l f u r i c a c i d w e r e d i l u t e d w i t h a n h y d ­
r o u s a c e t o n e t o 500 cc I n a 500 cc v o l u m e t r i c f l a s k a n d 2 5 cc 
o f t h i s s o l u t i o n a d d e d t o t h e s a m p l e f r o m a b u r e t t e . 
To o b t a i n t h e e q u i l i b r i u m c o n s t a n t K, a 5 cc s a m p l e was 
t a k e n f r o m t h e h y d r o l y s i s t w o d a y s a f t e r t h e h y d r o l y s i s was 
s t a r t e d . I t was f o u n d , h o w e v e r , t h a t , a f t e r t w o d a y s , t h e 
c o n c e n t r a t i o n o f w a t e r u s e d h a d d i m i n i s h e d , due t o t h e h y d r o l ­
y s i s u n t i l t h e c a t a l y t i c a c t i o n o f t h e s u l f u r i c a c i d 
was i n h i b i t e d b y d e o r e a s e i n I o n i z a t i o n ( 1 0 ) , ( 1 1 ) . T h e r e ­
f o r e , i t was n o t p r a c t i c a l t o o b t a i n t h e e q u i l i b r i u m p o i n t 
b y t h i s m e t h o d , ^ h e e q u i l i b r i u m c o n s t a n t , t h e n , was o b t a i n e d 
b y p r e p a r i n g t h e s a m p l e s a s b e f o r e e x c e p t t h a t a q u a n t i t y o f 
w a t e r was w e i g h e d i n t o t h e v o l u m e t r i c f l a s k w i t h t h e m e t h y l 
a c e t a t e . W i t h t h e e x c e s s o f w a t e r , t h e r e a c t i o n p r o c e e d e d 
t o e q u i l i b r i u m , a f t e r t w o d a y s , a n d t h e e q u i l i b r i u m c o n s t a n t 
was f o u n d . 
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From the amount of sodium hydroxide required to t i t r a t e 
at d i f ferent times, from the original amount of methyl acetate 
present, from the original amount of water present, and from 
the equilibrium constant, the ve loc i ty constants were calcu­
la ted . Assuming the reaction to be bimolecular and including 
the v e l o c i t y of the reverse reaction, the equation of the 
rate would be 
3£ = k (a - x) (b - x) - k*~x2 . 
where a and b are the same as defined for K, x i s the concen-
IIETHOD OF CALCULATIONS 
To ca lculate K, the equilibrium constant, the concen­
trat ions of the reactants at equilibrium in the samples 
containing the excess of water were substituted in the 
equation , 
- x 2 
K
 ~ (a - x)(b - x) 1 
where a_ i s the original concentration of methyl acetate in 
mols per l i t e r , b i s the original concentration of water in 
mols per l i t e r and x i s the concentration of acet ic acid 
present at equilibrium. 
11 
tration of acetic acid formed in time t_ in mols per liter, 
k is the velocity constant for the hydrolysis, and k' the 
velocity constant for the reverse reaction. Dividing the 
above equation by ]£, 
= (a - x)(b - x) - &'x 2 . 
dt k k 
But 
k' 1 TT« 
k " K "* ' 
where K' is the reciprocal of the equilibrium constant. By 
substitution, 
d x
 = (a - x) (b - x) - K*x 2-
dt k 
Upon integration this equation becomes 
Assuming the reaction to be blmolecular but ignoring the 
velocity of the reverse reaction the equation of the rate is, 
as was shown before, 
^ . k (a - x)(b - x ) . 
Upon integration this becomes 
Asstiming the r e a c t i o n to be monomolecular, that i s , 
independent of the concent ra t ion of water , the equat ion i s 
H = k (a - x ) -
12 
which upon i n t e g r a t i o n becomes 
DATA AHD RESULTS 
Table Ho. 1 




Qoncentration of acetic acid in mols / liter. 
Original concentration of methyl acetate in mols / liter 
Original concentration of water in mols per liter. 
Z s Equilibrium constant of the hydrolys is . 
X a_ b K 
.8180 1.2504 13.3187 .1238 
.7173 1.2 588 8.3507 .1244 
K (correct to 3 f i gures) » .124 
=
 1
 - 8 
.124 
.06 
Table Ho. 2 
Calculation of k as bimolecular and considering the 
ve loc i ty of the reverse react ion. 
8.06, b * 2.2272 mol / l i t e r 
Sample a t ( in hrs.) x(mols / l i t e r ) k 
1 1.994 1 .1049 .0250 
2 .2132 .0276 
3 .2960 .0279 
4 .3524 .0270 
2 2.271 1 .1178 .0248 
2 .2401 .0277 
3 ,3306 .0279 
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.mple a t ( i n hr s.) x(mols / l i t e r k 
4 .4051 .0286 
3 2.3265 1 .1287 .0266 
2 .2413 .0271 
3 .3331 .0274 
4 .3959 .0267 
4 2 . 5 1 1 1 .1379 .0262 
2 .2611 .0264 
3 .3589 .0276 
4 .4177 .0262 
5 2.539 1 .1484 .0279 
2 .2625 .0271 
3 .3567 .0270 
4 .4246 .0265 
6 2.548 1 .1347 .0254 
2 .2732 .0285 
3 .3696 .0285 
4 .4336 .0276 
7 2.755 1 .1575 .0278 
2 •2873 .0282 
3 .3838 .0274 
4 .4431 .0257 
8 2.766 1 .1521 .0266 













l hr s . ) x(mols / l i t e r ) 
1 .1524 .0265 
2 .2963 .0287 
3 .4036 .0292 
4 .4602 .0272 
1 .1713 .0277 
2 .3076 .0275 
3 .4074 .0269 
4 .4873 .0270 
1 .1881 .0295 
2 .3252 .0281 
3 .4342 .0281 
4 .5075 .0277 
1 .1741 .0268 
& .3236 .0277 
3 .4300 • 0274 
4 .4947 .0260 
1 .1723 ,0259 
2 .3231 .0269 
3 .4357 .0271 
4 .5046 .0260 
1 .1814 .0284 
2 .3346 .0278 
3 .4422 .0274 
4 .5194 .0270 
mple a t(In hrs.) x(mols / l i t e r ) k 
15 5.390 1 .2017 .0294 
2 .3538 .0288 
3 .4643 .0283 
4 .5314 .0269 
16 3.437 
r
-t .1745 .0247 
2 .3421 .0271 
• z 
.4553 .0270 
4 .5286 .0252 
17 3.551 1 .1837 .0252 
2 .3523 .0271 
3 .4790 .0261 
4 .5439 .0263 
18 3.635 1 .2131 .0290 
2 .3727 .0285 
3 .4924 .02 85 
4 .5595 .0257 
19 3.824 1 .2104 .0271 
3 .5172 .0290 
4 .5916 .0281 
20 3.895 1 .2197 .0280 
2 .3980 .0287 
3 .5247 .0290 
4 .5856 .0267 
21 4.670 1 ,2449 .0260 
3 .6031 .0291 
4 .6617 .0264 
1 7 
S a m p l e a_ t ( i n h r s . ) x ( m o l s / l i t e r ) k 
2 2 6 . 3 1 1 1 . 3 2 5 2 . 0 2 6 3 
3 . 7 2 5 4 . 0 2 7 8 
4 . 7 7 1 3 . 0 2 4 0 
2 3 7 . 4 9 3 1 . 3 6 4 2 . 0 2 5 2 
2 . 6 7 8 7 . 0 2 9 4 
3 . 7 9 3 8 . 0 2 9 8 
4 . 8 2 6 0 . 0 2 1 8 
T a b l e No. 3 
C a l c u l a t i o n o f k a s b i m o l e c u l a r I g n o r i n g v e l o c i t y o f 
r e v e r s e r e a c t i o n . 
S a m p l e a t ( i n h r s . ) £ 
k ( I g n o r ­
i n g r e v e r s e k 
r e a c t i o n ) ( f r o m T a b l e 2 ) 
8 2 . 7 6 6 1 . 1 5 2 1 . 0 2 5 8 . 0 2 6 6 
2 . 2 8 2 4 . 0 2 5 7 . 0 2 7 1 
3 . 3 8 6 3 . 0 2 4 3 . 0 2 7 5 
4 . 4 5 5 0 . 0 2 2 7 . 0 2 6 8 
T a b l e N o . 4 
C a l c u l a t i o n o f k a s m o n o m o l e c u l a r . 
t ( i n h r s . ) x 
1 
2 
S a m p l e s_ 
1 2 3 . 1 6 7 
4 
. 1 7 4 1 
. 3 2 3 6 
. 4 3 0 0 
. 4 9 4 7 
k ( f r o m 
k ( m o n o m o l e c u l a r ) T a b l e 2 ) 
. 0 5 8 1 6 
. 0 6 0 4 5 
. 0 6 2 3 7 
. 0 6 3 8 2 
A C . 
. 0 2 5 9 
. 0 2 6 9 
. 0 2 7 1 
. 0 2 6 0 
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ANALYSIS OP DATA 
I t i s seen that the v e l o c i t y cons tan t , c a l c u l a t e d from 
the b imo lecu la r form, i s f a i r l y constant i n s p i t e of the 
exaggera t ion of e r ro rs made by the equat ion . The lower 
va lue f o r the f i r s t hour may be caused by a s l i g h t e r ror i n 
determining the amount of water o r i g i n a l l y p resen t , b which 
er ror i s exaggerated i n the f i r s t hour because the number 
whose logar i thm i s obtained i s c l ose to one. 
The f a c t of lower ing of i o n i z a t i o n of the s u l f u r i c 
a c i d when the water concent ra t ion i s decreased beyond a 
c e r t a i n value i s subs tan t ia ted by the decrease i n the v e l o c i t y 
constant i n Tab le 2 , samples 22 and 23 , du r ing the f ou r t h 
hour . These samples had the l a r g e s t o r i g i n a l concent ra t ion of 
methyl aceta te and the re fo re , a f t e r four hours , had the l e a s t 
water p r e s e n t . Any s l i g h t decrease i n i o n i z a t i o n of the 
s u l f u r i c a c i d i n the other cases was compensated by the form­
a t i o n of the a c e t i c a c i d . 
The d i f f e r e n c e s i n k I n some samples may be due to a 
s l i g h t d i f f e r e n c e I n the o r i g i n a l s u l f u r i c a c i d . c o n c e n t r a t i o n . 
A l a r g e quan t i t y of s u l f u r i c ac id i n acetone s o l u t i o n could 
not be prepared because of the char r ing e f f e c t on s tand ing , 
of the s u l f u r i c a c i d upon the acetone. 
k, c a l c u l a t e d from the equat ion i gno r i ng the reverse 
r e a c t i o n exh ib i t ed as the r e a c t i o n proceeded, a g rea te r 
d i f f e r e n c e from the k c a l c u l a t e d when the reverse r e a c t i o n 
was not i g n o r e d . 
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Calculated from the mono-molecular equation, k 
exhibited a constant increase in the values as the reaction 
proceeded. Thus the reaction proved to be a blmolecular one. 
SUMMARY 
T h e c l a s s i c a l c a l c u l a t i o n s o f t h e v e l o c i t y c o n s t a n t 
i n t h e h y d r o l y s i s o f m e t h y l a c e t a t e h a v e b e e n m a d e u p o n 
t h e a s s u m p t i o n o f a m o n o m o l e c u l a r r e a c t i o n . T h i s w a s d u e 
t o t h e d u a l r o l e p l a y e d b y t h e w a t e r p r e s e n t , a r o l e o f 
b o t h s o l v e n t a n d r e s c t a n t . I t h a s b e e n a s s u m e d t h a t , i f 
t h e r e a c t i o n w e r e c a r r i e d o u t w i t h a s o l v e n t o t h e r t h a n 
w a t e r , t h e r e a c t i o n w o u l d b e b i m o l e c u l a r ; b u t h e r e t o f o r e 
i t h a s n e v e r b e e n a c t u a l l y d e m o n s t r a t e d . B y u s i n g a c e t o n e 
a s a s o l v e n t a n d h a v i n g p r e s e n t o n l y e n o u g h w a t e r t o r e a c t 
vr l t h t h e m e t h y l a c e t a t e , w e w e r e a b l e t o d e m o n s t r a t e t h e 
b i m o l e c u l a r c o u r s e o f t h e r e a c t i o n u n d e r t h e s e c o n d i t i o n s . 
21 
REFERENCES 
1. Reieher, Ann. 228: 257 (1885). Saponification of Ethyl 
Acetate. 
2. Warder, Ber. 14: 1561 (1881). Saponification of Ethyl 
Ace tate . 
3. Arrhenius, Z. physik. Chem. 1: 110 (1887). Saponification 
of Ethyl Acetate. 
4. Gooch and Terry, J. Am. Chem. Soc. 51: 1959 (1929). The 
Velocity of Saponification of Methyl Acetate by Sodium 
Hydroxide at 25°C. 
5. Ostwald, J. prakt. Chem. 28: 449 (1883). Hydrolysis of 
Methyl Acetate. 
6. Earned and Pfanstlel, J. Am. Chem. Soc. 44: 2193 (1922). 
A Study of the Velocity of Hydrolysis of Ethyl Acetate. 
7. Harned and Samaras, J. Am. Chem. Soc. 54: 1 (1932), The 
Effect of Change of Medium upon the Velocity of Hydrolysis 
of Ethyl-ortho-formate. 
8. Tommlla and Hinshelwood, J. Chem. Soc. (Trans.) 1801 (1938). 
The Activation Energy of Organic Reactions. Transmission 
of Substituent Influences In Ester Hydrolysis. 
9. Poethke, Ber. 68 B: 1031 (1935). Hydrolysis of Esters in 
Pure Water. 
10. Bronsted, Chem. Rev. 5: 234 (1928) Acid and Basic Catalysis. 
11. Schwab, Taylor, and Spence, Catalysis p. 155, Van Nostrand 
and Co. (1937). 
